7.0 COMPARISONS WITH OTHER STUDIES

The environnmental sanpling results of the CAP Study may be
conpared to those fromother studies. |In particular, conparisons
to the earlier CAP Pilot Study, the HUD Abat enment Denonstration
Proj ect, and other studies assessing the efficacy of an abat enent
procedure seem nost applicable. Section 7.1 conpares the results
fromthe pilot and full CAP studies. A conparison to the HUD
Denonstration results is presented in Section 7.2; and the CAP
results are conpared to the results of other abatenent efficacy
studies in Section 7.3.

7.1 COMPARISON OF CAP STUDY DATA AND CAP PILOT STUDY DATA
The CAP Pilot Study investigated field, |aboratory, and

statistical analysis procedures planned for the CAP Study. The
CAP Pil ot Study sanples were collected in May 1991, as conpared
to the CAP Study sanpling in March and April 1992. A conplete
di scussion on the Pilot Study is available in another report
(EPA, 1995a).

O the six residential houses surveyed in the Pilot Study,
five were revisited in the CAP Study. Figure 7-1 displays the
di fferences for those five houses between the CAP Pilot and ful
CAP study geonetric nean | ead |oading results, by sanple type.
Simlar plots for I ead concentration and dust |oading are
presented in Figures 7-2 and 7-3, respectively. Each line
segnent in the figures represents the change in |ead | oading for
a particular house and sanple type. For exanple, the vacuum
floor lead |loading results were higher in the full study than in
the Pilot for all houses except House 51. In the figure, this is
evi denced by the appropriate line segnents rising fromleft to
right.

As the figures suggest, when conparing the CAP Pilot and the
CAP Study results, there is no single pattern of change across
the various sanple types. For exanple, a particular house may
have hi gher air duct lead |oadings in the CAP Study than in the
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results: unit geometric mean dust loading
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Pilot, but |Iower w ndow channel |ead |oadings. The vacuum fl oor
and interior entryway changes are the nost simlar house to
house, especially for the |ead | oading and dust | oading results.
The w ndow channel and wi ndow stool results, in turn, were the

| east consistent. Not surprisingly, the soil |ead concentration
measurenents did not change significantly in the tinme between the
two studies. Also, despite the greater efficiency of the dust
sanpler used in the full CAP Study, the dust |oading house
geonetric neans did not all increase. |In fact, the dust |oading
results for House 51 were usually lower in the CAP Study than the
Pilot Study. Across the various sanple types, only the air ducts
had an average decrease in dust |oadings. The greatest geonetric
mean increase in dust |loading, 9.5 tines, occurred for vacuum
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fl oor sanples. Since the CAP Study only coll ected w pe sanpl es
from abat ed houses, only three houses had w pe sanpling results
fromboth the Pilot and full studies. The lead |loading results
in those houses were lower in the full CAP Study.

It was noted above that a nore efficient dust vacuum sanpl er
was utilized in the CAP Study. Wen revisiting the Pilot houses
in the CAP Study, an attenpt was made to col |l ect dust sanples
fromthe sane room and conponent. Figure 7-4 presents a
conpari son of the dust loading results fromthese two studies.
The dust loading results for the Pilot Study are plotted versus
those for the CAP Study. The different sanple types are
i ndi cated by individual plotting synbols. The cloud of points
and their |ocation are sonewhat surprising. Gven the greater
efficiency of the sanpler used in the CAP Study, one m ght have
expected the CAP Study dust | oadings to be consistently higher
than the Pilot Study results. Evidently, other factors such as
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Figure 7-4. Comparison of CAP Pilot Study and CAP Study

results: component geometric mean dust loadings
(mg/ft?) by sample type.
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ti me, occupancy, and sanple-to-sanple variation are just as
i nportant as sanpling efficiency for determ ning the dust
| oadi ng.

7.2 COMPARISON OF CAP STUDY DATA AND HUD
ABATEMENT DEMONSTRATION DATA

The HUD Abat enent Denonstration project included an

assessnment of the extent to which | ead-based paint was present in
approxi mately 300 residential housing units. Houses selected for
abat enent of | ead-based paint had dust sanples collected from

i ndi vi dual conmponents within a roomprimarily after abatenent,
and soil core sanples collected on all four sides of the house
(both before and after the abatenent). The HUD Denonstration

pr e- abat enent sanples were col |l ected between August and Decenber
1989. The post-abatenent sanples were coll ected bet ween Novenber
1989 and July 1990. The CAP Study results, in turn, were
obtained in March and April 1992. Though a seasonal effect may
be influencing the conparisons that follow, it cannot be
separated fromother differences between the projects such as
sanpling protocols.

Figure 7-5 illustrates the observed CAP Study | ead | oadi ngs
versus HUD Denonstration pre-abatenent |ead | oadings for floor
wi ndow channel, and w ndow stool sanples. Different synbols are
used for each sanple type, including w pe and vacuum fl oor
sanples. Figure 7-6 illustrates the corresponding results for
foundation soil |ead concentrations.

Table 7-1 displays the results of a conparison of pre- and
post - abat ement neasures col |l ected during the HUD Denonstration.
Results are restricted to floor, wi ndow channel, and w ndow st oo
dust | ead | oadings and foundation soil |ead concentrations. The
top half of the table portrays statistics concerning the ratio of
CAP results to pre-abatenent HUD Denonstrati on neasures; the
bottom half of the table conpares HUD Denonstration short-term
post - abat enent neasures with the CAP results.
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Table 7-1. Comparison of CAP Lead Levels with HUD Demonstration
Pre- and Post-Abatement Lead Levels

Rati o of CAP Lead Levels to Pre-Abatenment HUD Denpnstrati on Lead Levels

Geonetric Lower Upper Signifi -

Sanpl e Type N Mean Bound Bound cance
Fl oor Dust 7 0.04 0. 004 0.41 .01
Lead Loadi ng

W ndow St ool Dust 21 1.14 0. 37 3. 46 .81
Lead Loadi ng

Foundati on Soi l 45 1.02 0.83 1.24 . 88
Lead Concentration

Rati o of CAP Lead Levels to Post-Abatenment HUD Denpbnstrati on Lead Levels

Geonetric Lower Upper Signifi-

Sanpl e Type N Mean Bound Bound cance
Fl oor Dust 147 1.21 0. 87 1.68 . 26
Lead Loadi ng

W ndow Channel Dust 38 40. 4 19.5 83.9 <.01
Lead Loadi ng

W ndow St ool Dust 67 2.77 1.45 5.28 <.01
Lead Loadi ng

Foundati on Soi l 68 0. 88 0.75 1.03 .12
Lead Concentration

This tabl e denonstrates that there were relatively few pre-
abat enent sanpl es avail able for conparison. Only one pair of
w ndow channel sanpl es was conparable, and therefore w ndow
channel results were not conpared in this table. In addition,
there were only seven floor sanples collected in the CAP Study
for which a correspondi ng pre-abatenent |ead | evel was avail abl e.
O these seven CAP study floor sanples, four were collected by
w pe and three were collected by vacuum Thus, only the results
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for wi ndow stools and foundations should be used to form
concl usi ons about the direct effect of abatenent.

The ratios for wi ndow stool |ead |oading were nore vari abl e
than the ratios for foundation |ead concentration, but neither
mean ratio was significantly different fromone. The geonetric
mean ratio of |ead | oadings observed in the CAP Study to
correspondi ng pre-abatenent |evels on w ndow stools was 1. 14,
with a 95 percent confidence interval of 0.37 to 3.46. This is
based on 21 sanples from 10 houses.

For foundation soil, the geonetric nean ratio of |ead
concentration in the CAP Study to pre-abatenent |evels was 1.02,
based on 45 sanples from 24 houses. This has a 95 percent
confidence interval of 0.83 to 1.24. Both of these results inply
t hat pre-abatenment and CAP results were not significantly
different.

More data was available to assess ratios of CAP | ead
| oadi ngs to HUD post-abatenent | ead | oadings. These ratios were
general ly higher than those for pre-abatenent |ead | oadings.
Specifically, the geonetric nean ratio of |lead |oading in the CAP
Study to HUD post-abatenent |evels was 40.4 for w ndow channel s.
For wi ndow stools, the ratio was 2.77.

Figure 7-7 contrasts the CAP Study floor dust |ead |oading
(png/ft?) results to post-abatenent results fromthe HUD
Denonstration. For the CAP Study, geonetric nean dust |ead
| oadi ngs are calculated for all floor dust vacuum and w pe
sanples collected within a roomand house. Since the post-
abat enment dust sanples collected in the HUD Denonstrati on project
were part of the clearance procedure, only the final floor dust
w pe sanple collected in a roomwas retained. Figures 7-8 and
7-9 present simlar conparisons for wi ndow stools and w ndow
channel s, respectively. Recall that in the CAP Study, dust w pe
sanples were collected only on the floors of abated houses. As
is evidenced in the figures, there is little agreenent between
the CAP Study results and those fromthe HUD Denonstration. The
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hi gher dust |ead | oadings fromthe CAP Study, nost apparent for
t he wi ndow channel sanples, nmay be due to increased | ead
concentration in the dust, the greater efficiency of the vacuum
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For purposes of conparison, a geonetric nmean XRF/ AAS result
(nmg/ cnt) was cal cul ated by room and house fromthe extensive HUD
Denonstrati on XRF/ AAS neasurenents within the room Figure 7-10
conpares the CAP Study floor dust |ead |oading results (both w pe
and vacuum and the HUD Denonstration dust w pe |lead | oadings to
t hese room geonetric nean XRF/ AAS results. Simlar conparisons
are portrayed for w ndow stools (Figure 7-11) and wi ndow channel s
(Figure 7-12). The resulting clouds of points suggest little or
no correlation between dust |ead | oading and the XRF/ AAS results
for both the HUD Denonstration and the CAP Study projects. The
scatter is somewhat nore pronounced at |ower XRF paint-|ead
| oadi ngs. Higher dust |ead |oadings are at tines evident for the
CAP dust vacuum sanpl es and again particularly so for the w ndow
channel results.
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Figure 7-13 conpares the HUD Denonstration and P studies

relative to soil |ead concentrations (pg/g), collected at the
foundation on the sanme side of the house. The pre-abatenent soi
sanples are also included as a basis of conparison. The HUD
Denonstration pre- and post-abatenent results appear positively
correlated. The CAP soil |ead concentrations, in contrast,

exhi bit a higher degree of scatter than the pre-abatenent
results.

In Figure 7-14, soil |ead concentrations (upg/g) are plotted
versus the HUD Denonstrati on XRF/ AAS pai nt -1 ead | oadi ngs
(nmg/cn?), neasured for the adjacent exterior wall. As was noted
earlier in Section 4.2.2.2 (Figure 4-8), there was a significant
associ ati on between the CAP soil |ead concentrations and the HUD
Denonstrati on XRF/ AAS results when abated and unabated houses
were consi dered separately. The HUD Denonstration pre-abatenent
soil results did not appear to exhibit any trend with increasing
pai nt -1 ead | oadi ng, however. The HUD post-abatenent soil results
were positively correlated wth paint-lead | oading (.29, p=.03).
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7.3 COMPARISON OF DUST LEAD LOADINGS BETWEEN
THE CAP _STUDY AND OTHER STUDIES

It is useful to contrast the CAP Study dust |ead | oading

results with those from ot her conparabl e studies, including the
HUD Denonstration Study. Though considerable differences exist
in the sanpling frames, collection procedures, and instrunental
anal yses used in each study, the respective lead |oading results
may still provide insight on the range of environnental |ead

| evel s which exist in U S. housing. The followng four field
studi es were exam ned:

HUD Abat enent Denonstration Study,

. HUD National Survey of Lead-Based Paint,

. Kennedy- Kri eger Traditional versus Mdified Practices
St udy, and

. Kennedy- Kri eger Experinmental Abatenent Practices Pil ot
St udy.

The dust lead |oading results for these studies were either
cal cul ated from avail abl e datasets or extracted fromreported
results in the scientific literature. Note that in the previous
section, conparisons with the HUD Denonstration data were
restricted to abated houses in Denver that were also in the CAP
Study. In this section, results for all abated houses for al
cities in the HUD Denonstration are used.

The conparison produced two primary results. First, the
fl oor and wi ndow stool |ead |oading |evels neasured in the CAP
Study were generally lower than those in the other studies except
t he National Survey. Second, the CAP Study w ndow channel |ead
| oadi ngs were higher than the cl earance | evels neasured in the
HUD Denonstration and the post-abatenent |evels collected in the
Experimental Practices Pilot.

Tabl e 7-2 conpares the CAP Study floor dust |ead | oading
results for unabated and abated houses to those neasured in the
four studies |listed above. For each study, the nunber of
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Table 7-2.

Descriptive Statistics for Floor Dust Lead
by Abatement Efficacy Field Study

Loadings (ug/ft?)

Uni t No. of Log Geom
St udy Type Sanpl es St. Dev.!? 10% 25% Mean 75% 90%
Col | ect ed
CAP Unabat ed 51 2.12 1.09 5.71 21.38 64. 99 289.2
Abat ed 187 2.00 1.69 6.73 28. 97 104. 34 408. 6
HUD Denp? 1026 1.53 9.31 23.55 66. 01 185. 06 468.0
Nat i onal Hi gh XRF® 686 1.85 0.14 0.42 1.47 5.13 15. 80
Sur vey Low XRF* 90 1.63 0. 06 0. 16 0. 47 1.41 3.78
Kennedy- Pre-Abate. | Traditi onal 280 na na na 250.8 na na
Kr ei ger® Modi fi ed 82 na na na 288.0 na na
Post Tradi tional 271 na na na 1440.0 na na
Modi fi ed 50 na na na 650. 3 na na
Post Tradi tional 234 na na na 315.9 na na
(6 months) | Modified 57 na na na 315.9 na na
Kennedy- Pre Experi ment al 70 na na na 520. 26 na na
Kreiger® Post Experi ment al 70 na na na 130. 06 na na
Post (6 m) | Experi nent al 63 na na na 55.74 na na
' Units are Log(pg/ft?).
2 Abat ed houses fromall netropolitan areas in the FHA portion.
% Predicted maxi muminterior or exterior XRF reading at these residences was at |east 1.0 ng/cnf.

EN

Predi cted maxi num XRF readi ng at these resi dences was below 1.0 ng/cn?.

Far f el

Far f el

and Chi sol m (1990).

and Chi sol m (1991).




sanpl es, 1 og standard devi ation, geonetric nean, and 10th, 25th,
75th, and 90th percentiles are presented. Only the nunber of
sanpl es and geonetric neans were available for two of the studies
reported in the literature. Tables 7-3 and 7-4 provide simlar
conparisons for w ndow stool and w ndow channel dust | ead

| oadi ngs, respectively.

The HUD Denonstration intended to elimnate |ead-based paint
from housi ng environnents either by containing the |ead-based
paint wth encapsul ation or enclosure nethods, or by elimnating
the | ead-based paint with renoval nethods (HUD, 1991). Because
of the diversity of housing conponents containing | ead-based
paint, it was generally true that no single abatenent nethod
could be used uniformy throughout a given housing unit. The
housi ng units selected for conplete abatenent included 169
single-famly dwellings fromthe inventory of FHA repossessed
houses in seven urban areas. The clearance (i medi ately post-
abatenent) dust wipe lead |loading results fromthese houses were
considered in this instance. The tabled results were cal cul ated
fromall nmetropolitan areas in the study, not just Denver. The
geonetric nean floor and wi ndow stool |ead | oadi ngs neasured in
t he HUD Denonstration were higher than those collected in
unabat ed houses in the CAP Study. In contrast, the geonetric
mean wi ndow channel | ead | oadings were |ower in the HUD
Denonstration than the CAP Study.

The HUD Nati onal Survey was conducted to exam ne on a
national basis the incidence of lead in soil, dust, and paint
(HUD, 1990a; EPA, 1995c; EPA, 1995d; EPA, 1995e; data revision
Westat, 1993). No abatenent procedures were perforned. In
seeking to represent the pre-1980 housing stock in the US., a
total of 381 housing units were sanpled: 284 privately-owned
resi dences and 97 public housing units. Dust vacuum | ead | oadi ng
results were obtained froma subset (265 houses) of the
privatel y-owned residences sanpled and were included in Tabl es
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7-2, 7-3, and 7-4.

The houses were partitioned into two groups:

the high XRF group with a predicted maxi num of interior or
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Table 7-3.

Descriptive Statistics for Window Stool Dust Lead Loadings (ug/ft?)
by Abatement Efficacy Field Study

Uni t No. of Log Geom
St udy Type Sanpl es St. Dev.? 10% 25% Mean 75% 90%
Col | ect ed
CAP Unabat ed 35 1.93 3.79 9.85 46. 90 224.7 571.5
Abat ed 78 2.18 7.02 15. 43 91. 57 467. 2 1315.1
HUD Denp? 783 1.79 9.03 26.70 89. 06 297.1 878. 56
Nat i onal Hi gh XRF® 329 2.47 0.18 0.82 4.32 22.77 101. 74
Sur vey Low XRF* 38 2. 47 0. 05 0. 24 1.26 6. 68 29. 98
Kennedy- Pre-Abate. | Traditi onal 280 na na na 1337.8 na na
Kr ei ger® Modi fi ed 82 na na na 1802. 3 na na
Post Tradi tional 271 na na na 3595. 4 na na
Modi fi ed 50 na na na 603. 9 na na
Post Tradi tional 234 na na na 1542.2 na na
(6 months) | Modified 57 na na na 1635. 1 na na
Kennedy- Pre Experi ment al 70 na na na 4608. 0 na na
Kreiger® Post Experi ment al 70 na na na 325.2 na na
Post (6 m) | Experi nent al 63 na na na 408. 8 na na
' Units are Log(pg/ft?).
2 Abat ed houses fromall netropolitan areas in the FHA portion.
% Predicted maxi muminterior or exterior XRF reading at these residences was at |east 1.0 ng/cnf.

EN

Predi cted maxi num XRF readi ng at these resi dences was below 1.0 ng/cn?.

Far f el

Far f el

and Chi sol m (1990).

and Chi sol m (1991).
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Table 7-4. Descriptive Statistics for Window Channel Dust Lead Loadings (ug/ft?)
by Abatement Efficacy Field Study
Uni t No. of Log Geom
St udy Type Sanpl es St. Dev.? 10% 25% Mean 75% 90%
Col | ect ed
CAP Unabat ed 27 2.02 84. 16 738.0 2330 12427 20517
Abat ed 71 2.33 51.74 510.5 2590 18884 39308
HUD Denp? 756 1.93 42.90 138.1 506. 2 1856 5973
Nat i onal Hi gh XRF® 142 2.66 2. 40 12.08 72.64 2194
Survey Low XRF* 7 3.38 0. 38 2.97 28.94 436.72 2193
282. 33
Kennedy- Pre-Abate. | Traditi onal 280 na na na 15496 na na
Kr ei ger® Modi fi ed 82 na na na 18274 na na
Post Tradi tional 271 na na na 14354 na na
Modi fi ed 50 na na na 8083 na na
Post Tradi tional 234 na na na 12468 na na
(6 months) | Modified 57 na na na 24879 na na
Kennedy- Pre Experi ment al 70 na na na 29422 na na
Krei ger® Post Experi ment al 70 na na na 938 na na
Post (6 n) | Experi ment al 63 na na na 1003 na na
L' Units are Log(pg/ft?).
2 Abat ed houses fromall netropolitan areas in the FHA portion.
% Predicted maxi muminterior or exterior XRF reading at these residences was at |east 1.0 ng/cnf.
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Predi cted maxi mrum XRF reading at these resi dences was below 1.0 ng/cn?.
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and Chi sol m (1990).

and Chi sol m (1991).




exterior XRF levels of at least 1.0 ng/cn?f, and the | ow XRF group
with a predicted maxi mumof interior and exterior XRF readi ngs of
less than 1.0 ng/cnt. There were 235 houses in the high XRF
group and 30 houses in the | ow XRF group. The unusually | ow dust
| ead | oadi ngs neasured in the National Survey may be m sl eadi ng,
due in part to the sanpling apparatus enployed. Vacuum versus
wi pe field testing by EPA (EPA, 1995a) indicated that the vacuum
sanpling protocol used in the National Survey recovered only
about 20% of the |lead that woul d be recovered by a w pe sanpl e.
W pe sanple results tended to be | ess than or equivalent to those
fromthe CAPS vacuum sanpler. Hence there is likely to be at
least a five fold difference between CAPS vacuum dust results and
Nat i onal Survey vacuum dust results, which would account for sone
of the differences in |ead | oadings between the CAP Study and the
Nat i onal Survey.

The Traditional versus Mdified Practices Study was
performed by Kennedy-Kreiger Institute (Farfel and Chisolm
1990). Serial dust w pe |ead | oading neasurenents were coll ected
from71 dwellings in Baltinore, Maryland. Sanples were collected
before, inmmediately after, and six nonths after abatenent of
| ead- based paint wthin the dwellings. Local abatenent
requi renents addressed deteriorated paint on surfaces up to four
feet fromthe floor and all paint on easily accessible "biting"
surfaces where | ead content of the paint was greater than 0.7
ng/ cnt by XRF or 0.5 percent by weight. Traditional practices
i nvol ved only cursory clean-up follow ng the abatenent, and
allowed a variety of abatenent nmethods to be used. The nodified
practices called for nore substantial clean-up follow ng
abat enent, and excluded the use of open-flane burning and sanding
techni ques. Most of the study dwellings were | owincone row
houses constructed before 1940. The geonetric nean floor, w ndow
stool, and wi ndow channel dust |ead |oadings in the CAP Study
were at |east an order of magnitude | ower than the geonetric nean
post - abat enment val ues for both the traditional and nodified
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practices procedures. The inconplete nature of the traditional
and nodi fi ed abat enent procedures may explain the resulting high
dust | ead | oadings. Wndow channels, for exanple, were not
abated as part of these procedures.

The Experinental Practices Pilot Study was al so perfornmed by
Kennedy- Kreiger Institute (Farfel and Chisolm 1991). The
experinmental practices are described as abatenent procedures
whi ch included, (1) treatnent of |ead-painted surfaces above and
bel ow four feet fromthe floor; (2) sealing and covering of
wooden floors; (3) procedures for contai nment of dust during
abatenment; and (4) final cleanup using a high-efficiency particle
air (HEPA) vacuum Dust w pe |l ead | oading sanples were collected
in six two-story, six-roomlow inconme row houses constructed in
the 1920's. Measurenents were taken before, imredi ately
foll ow ng, and six nonths after the abatenent procedures
occurred. The CAP Study geonetric nean | ead |oading | evels
measured on floors and wi ndow stools were | ower than those
measured foll ow ng the experinental abatenent procedures.
Interestingly, the geonetric nean wi ndow channel |ead |oadings in
the CAP Study were higher than the post-abatenment results in the
Experimental Practices Pilot. It should be noted that the CAP
Study took place two years after abatenent, while the
Experinental Practices results were within six nonths of
abat enment .
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